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Remarks 

The following remarks respond to the Advisory Action mailed on Augdst 4, 



2003. 



In the third paragraph of the Advisory Action, the Examiner repeated his 
previous statement that Hartman expressly teaches that the skin provides the carrier 
with a smooth face and that the surfaces of the foam article are parallel to the flat or 
smooth surfaces of the skin layers and adhesive layers. The Examiner pointed out that 
attorney^ arguments arc not factual evidence required to rebut a prima facie ca se of 
obvioxi$ness and must be supported by an appropriate affidavit or declaration. The 
Examiner instructed Applicants to see MPEP section 2145,1 . 

Applicants submit that the llartman patent (U.S. Patent No,5 9 47G,712, herein 
referred to as "US "HI") itself is evidence and that an affidavit or declaration is not 
needed to discuss what the patent document expressly or impliedly states. Further, 
MPEP section 2145,1 refers lo MPEP section 716.01(c) for examples of attorney 
statements which are not evidence and which must be supported by an appropriate 
affidavit or declaration. The examples include the following: statements regard ing 
unexpected results, commercial success, solution of a long-felt need* inopcrabilUy of 
the prior art, invention before the date of the reference, and allegations that the author 
of the prior art derived the disclosed subject matter from the applicant Discussing 
attributes of an article described in a patent reference is not included in the examples 
provided in MPEP section 716,01 (c). 

Applicants direct the Examiner to column 3, lines 14-19 of US '712. This 
passage provides that "[t]he skin smooths the adjacent outer core which may be 
roughened excessively by the expansion of the blowing agent. The smoothing of the 
core face is by a leveling of the roughness resulting from the blowing process. I:i this 
manner, the skin provides the carrier with a smooth face." This is factual evidence. 
The factual evidence is that the core of the article is rough in the absence of the *;kin 
layer. The skin layer levels the roughness to provide a carrier layer that is smooth. 

Even as the schematic shows parallel lines, the text specifically states that the 
core is rough and must be smoothed by the skin layer to provide a smooth carrier layer. 
The Examiner is instructed in MPEP section 2141 .02 to consider the reference a:: a 
whole. Thus, when considered as a whole, US *71 2 does not teach a foam having at 
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least one major surface lhat is smooth without being bonded to an additional layer, as 
recited in claim 1 of the present invention. Rather, this reference teaches a foam having 
a rough surface that is smoothed only by attachment to another layer (i.e*, the skin 
layer). 

In paragraph 4 of the Advisory Action, the Examiner noted the previous 
argument by the Applicants that the die used in US c 7 12 is designed such that thi 
pressure drops outside the die. Consequently the microspheres are not expanded until 
the molten material exits the die. The Examiner stated again that Attorney statements 
are not evidence and must be supported by an appropriate affidavit or declaration. 

Again, Applicants submit that US '712 itself is evidence and that no affidavit is 
required to discuss aspects of the patent that are expressly or impliedly stated. The 
Examiner is directed to column 7, lines 10-42, portions of which are directly quoi;od 
below, 

US '712 provides that "[substantially all of the expansion of the blowing agent 
is believed to occur just as the polymer begins to flow out of the opening of the d: e 24 
and the pressure applied to the polymer is reduced. In this manner, the blowing agent 
effects on the core charge are minimal during the coextmstion processing thereof, since 
it is only at the exit from the extrusion die, e.g., within several inches of the die 
opening, that substantial expansion of the blowing agent occurs. If expansion of the 
blowing agent occurs earlier in the extrusion process, there is a tendency for the 
microspheres to blow out through the skin layer sometimes resulting in a very rough 
outer layer surface. Excessive pre-blowing can result in an effective loss of the cellular 
structure." Thus, the reference discloses that the expansion occurs within a few inches 
of exiting the die. Further, the patent stales that "li]he cocxtrudate emerging from i 
die 24 is contacted with a chill roll (not shown) in a conventional manner. This is 
believed to end substantially all blowing and expansion, and to fix the matrix and 
structure of the core 14.** This passage further confirms that the expansion is external 
to the die rather than inside the die. If the material had expanded in the die, there would 
be no need to use a chill roll to end expansion. 

Thus, US '712 teaches expansion external to the die and increasing the 
dimensions of the foam after exiling the die. In contrast, the foams of the present 
invention are expanded internal to the die and exit the die in an already expanded sjtatc. 
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Regarding paragraph 5 of the Advisory Action, the Examiner stated that! the 
argument that a tackifier would need to be added to the A-B-A triblock thermoplastic 
elastomer to form a pressure sensitive adhesive is not evidence and must be supported 
by an appropriate affidavit or declaration. 

Applicants* submit a copy of a chapter from the following reference as 
evidence : D T Satas, Handbook of Pressure-Sensitive Adhesives > Chapter 1 ! , pp* 220- 
275, van Nostrand Reinhold Co., New York (1982). Chapter 1 1 of this book is 
directed to block copolymers. The text states, starting on the last sentence on pape 224» 
that thermoplastic rubbers have little inherent tack. Therefore, the rubber must fcc 
compounded with taokifying resin and, in some cases, with plastici^er to develop the 
required tack* This reference serves as factual evidence that A-B-A triblock 
copolymers are not inherently pressure-sensitive adhesives by themselves. 

Applicants also submit a copy of several pages from the following reference; A. 
V. Pocius, Adhesion and Adhesives Technology: An Introduction* Chapter 9, pp. 216- 
217, 230-233, and 244-245, Hanser Publishers, New York (1997). On page 21 the 
definition of a pressure-sensitive adhesive is provided from the Pressure-Sensitiv; 
Adhesive Tape Council, Pressure-sensitive adhesives are defined as materials with the 
following properties: (1) aggressive and permanent tack; (2) adheres with no more than 
finger pressure; (3) requires no activation by an energy source; (4) has sufficient ability 
to hold onto the adherend; and (5) has enough cohesive strength to be able to be 
removed cleanly from the adherend. The A-B-A triblock copolymers by themselves 
cannot meet the above definition of a pressure-sensitive adhesive. They do not have 
aggressive and permanent tack, do not adhere with no more than finger pressure, and do 
not have sufficient ability to hold onto the adherend when used without a tackifier, 

The same reference provides an alternative definition of a pressure-sensitive 
adhesive using what is known as the Dahlquist criteria (sec Pocius, pp. 230-233). [n 
summary, if the modulus of the material is less than 3xl0 6 dynes/cm 2 (1 Hz, 25 °C\ the 
material is considered a tacky PSA. Figure 9 t 1 3 shows the dynamic mechanical 
spectrum of a base elastomer and a tackificd elastomer to demonstrate that the moqulns 
of the elastomer changes upon addition of a tackifier. 

As further evidence that a tackifier is needed to form a pressure-sensitive 
adhesive from an A-B-A triblock copolymer, Applicants submit a copy of the following 
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journal article: C D, Han et a!., J. Adhesion, 28, pp, 201-230 (1989). The second 
paragraph of the introduction section states that **[s]ince the elastomer alone is 
insufficient to give rise to the destred level of adhesion and tack, one usually add s low 
molecular weight hydrocarbons (e,g, s aliphatic or aromatic hydrocarbons, polytcrsenes, 
rosin and its derivatives), in order to improve its ability to wet the surface sufficiently 
and to form a bond of measurable strength upon contracting. This low molecular 
weight material is referred to as a "tackifying resin." Tackifying resins come in a 
variety of chemical structures and physical properties They axe thermoplastics and 
usually form an amorphous glass at room termperature," 

As yet further evidence that a tackifier is needed to form a pressure-sensitive 
adhesive from an A-B-A triblock copolymer, Applicants submit a copy of the following 
journal article: G. Kraus et aL, J. Adhesion, 10, pp. 221-236 (1979), The introduction 
section confirms that a tackifying resin is added to a block copolymer to make it tiicky. 

Still further evidence that a tackifier is needed to form a pressure-sensitive 
adhesive from an A-B-A triblock copolymer is provided in the form of a copy of the 
following journal article: J. Kim et al.» X Polymer Science: Part B: Polymer Physics, 
26, pp. 677-701 (1988). The introduction section states that various types of elastomers 
are used in pressure-sensitive adhesives. The first full paragraph of page 678 provides 
that "[i]n the use of these block copolymers as adhesives, one usually adds low 
molecular weight resin (e,g„ aliphatic or aromatic hydrocarbons and polyterpcnes) in 
order to improve its ability to wet the substrate surfaces sufficiently and to form a oond 
of measurable strength upon contact, since the block copolymer alone does not pos ses 
the sufficient tack needed for the desired adhesion. This low molecular weight material 
is referred to as a "tackifying resin." Choosing the proper block copolymer and 
tackifying resin is one of the most important tasks in developing successful adhesives, 
which meet with the required performance, as dotomYm^d by tack and the resistance to 
peel and shear." 

Regarding the references cited by the Examiner for the proposition that A~E- 
triblock copolymers are pressure-sensitive adhesives, Applicants agree that these 
materials arc often used to form a pressure-sensitive adhesive but these materials at[e 
not a pressure-sensitive adhesive without the addition of another material such as a 
tackifier to the formulation. The references submitted with these remarks provide 
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fact 



evidence that A-B-A triblock copolymers are not inherently a pressure-sensitive 
adhesive. 

Regarding paragraph 6 of the Advisory Action, the Examiner states that 
Applicants' arguments with respect to claims 7, 8, and 9 are moot in view of the 
that the triblock copolymer inherently encompasses a pressure-sensitive adhesive. 

Applicants submit that the arguments in the last Response regarding thes*: 
claims arc not moot because the triblock copolymer is not inherently a pressure- 
sensitive adhesive. To the contrary, the Handbook of Pressure-Sensitive Adkesives 
expressly states that such materials have little inherent tack. The other provided 
references provide further supporting evidence that a tackifier is needed to convert the 
triblock copolymer to a pressure-sensitive adhesive. 

Regarding paragraph 7 of the Advisory Action, the Examiner stated again 
Attorney statements regarding the smoothness of the foam surface are not evidenc e. 
Applicants submit that any statement that be expressly or impliedly supported by (he 
specification of the present invention or by the cited references do not require an 
affidavit or declaration. 

Regarding paragraph 8 of the Advisory Action, Applicants note that the claims 
in question depend on claims that are non-obvious. Therefore, these claims are nojn- 
obvious at least based on this point. 

Applicants submit that the pending claims are in condition for allowance, 
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The adhesive industry in the United States is probably tb* largest ana most 
complex market for formulated specialty polymer*. It* steady Increase is e*pectad 
to continue in the year* to come* Among the various kind* of adhesive*, rhe 
demand for pressure-sensitive and hot-melt adhesives ha* grown significantly. 
Various type* of elastomers tre used in this branch of tha industry. Although 
natural rubber still has the largest volume adhesives based on symiietic 
elastomers have grown vary fast in recant years. The block copolymers are 
gaining wide acceptance > due to their excellent balance of tack, adhesion [ttrength 
and *he*r holding characteristics. The most widely used block copolymer in 
preisure-sensiciv* adhesives has a polystyrene block on both ends of a pblydien* 
mldWock (e.g., the ABA-type triblwk copolymer*). The usefulness of these 
block copolymers as adhesives is a direct consequence of their unique structure, 
Tlie polystjrene endblock. which is Incompatible with the polydtene mtdbiock, 
separates on a microscopic seal* to form polystyrene microdomains. thereby 
creating a physically*crossIini;ed network structure, 1 3 

Since the elastomer alone is no: sufficient to give rise to the desired levels of 
adhesion and tack, one usually adds low molecular weight hydrocarbon^ (e,g„ 
aliphatic or aromatic hydrocarbons, polyterpenes, rosin and ita derivatives), in 
order to improve Us ability to wet the turfaca sufficiently and to form a bond of 
measurable strength upon contact, This low molecular- weight materia] is r< f erred 
to as a [t uckifyir>£ resin. 1 ' Tackf tying resins oome in a variety Of ch&mical 
structure* acd physical properties, 3 They are thermoplastics arid usually form an 
amorphous glass at room temperature, 

Choosing the proper elastomer and tackifying resin pair is one of the most 
important tasks itt obtaining successful adhesive* which meet the retired 
performance level, as determined by tack *nd the resistance to peel and slhear. 
Tack is essentially a measure of viscous flow under conditions of high strain raws 
and tow stress levels, while ihear adhesion is a measure of viscous flow at low 
strain rates and intermediate stress levels. Peel adhesion may be considered w be 
a measure of the resistance to viscous flow at intermediate strain rates and Wgh 
stress levels, as well as a measure of the cohesive strength of pressure-sensitive 
adhesives. It is certain that in a given adhesive system these properties tend to be 
mutuitiy exclusive » so that a balance must be maintained on the desired 
performance requirements. Hence, the determination of an optimum concentra- 
tion c' tackling resin, for in$unce f can be one of the most important tasks in 
producing successful adhesives. The higher the resin concentration, the greater 
the pee] adhesion and surface rack, but the lower (he cohesive strength will be. 

Several factors must be considered when formulating an adhesive. Firstly, the 
tiekJftfng resin and elastomer must be compatible. Unless the resin is compatible 
with the elastomer, the resin *U1 form a dispersed phase and thua will not be able 
to reduce the modulus of the elastomer/resin blend, making the blend un- 
desirable as a pressure-sensitive adhesive/ When using an ABA'type block 
copolymer, a distinction mu$i be made between the effect of midbtock-associating 
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resins and that of endblock-associating resins, for (he following reasons. Aliphatic 
otefin^derived renins, rosin ester*, polyierpenes, and terpens phmolk reairis tund 
to associate with the polydiene midWocks and not with the polystyrene 
endblocks. The primary function of a midblock-as&ocmting resin is to develop 
tick i< the thermoplastic elastomer* On the other hand, polyerometit* and the 
resin* derived from coal ur or petroleum tend to associate with the polystyrene 
endblocks and not with the polydiene midbbeks. 

Secondly, information on the viscoetastlc behavior of an adhesive is needed to 
evaluate its performance. The principal problem involved in the application of 
adhesive* to substrates is rhedloglcal in nature. In order to have good tack, the 
viscosity of the elastomer/resin mixture must be lower than that of the elattoner 
itself, such therit can flow easily and is able to wet the surface sufficiently upon 
application. On the other hand, viscoalastieity information it required for 
understanding the ultimate properties of an adhesive* since tack, shear adhesion 
and peel strength are determined at different strain rates or stresses, viscoelas- 
ticity information (such as viscosity and elasticity, yield stress of the adhesive, 
their dependencies on strain rate) must be welt understood. 

The testing of pressure-sensitive adhesive* involves both bonding and depend- 
ing steps. For satisfactory performance in the bonding step, the material muit 
in a permanently deformable scats, implying that it must possess the features 
typical of a liquid. However > satisfactory performance in the debonding 
demands that the adhesive yield little under stress, and therefore behave 
essentially as a solid. A good adhesive adequately wets the substrate during 
application, so that subsequent failure, when it occurs, is of a cohesive 
rather than an adhesive one. T^us, the viscoelastie behavior of adhesive* is 
important factor in performance evaluation. Therefore, it can be surmised 
better understanding of the significance of the type and concentration 
tacktfying resin on the viscoelastfc behavior of pressure-sensitive and hoi-melt 
adhesive* is needed so as to provide better control of (or to improve) their 
end-use performance, 

Very recently, we have conducted an investigation on the vlaeoelastlc behavior 
thermodynamic compadbUry, and phase equilibria in block copotymer-bajied 
pressure-sensitive adhesive* that were prepared in our laboratory. In this pft|>er 
we will report the highlights of our investigation. 



iACKQROUND 

We will review very briefly some of the previous studies, which are direcjtly 
related to the results of this study. 

Viscoalastlo behavior of mixtures of a block copolymer and a taekrrytag resin 

Kraus and coworkers*" 7 reported a series of experimental studies on the dynamic 
viscoelastic properties of mixtures of a block copolymer and a tackifylng resin. 
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C D. HAN. J. KIM AND D. M. BAEK 

They reported that the use of * teekffying resin increased the glass transition 
temperature (T t ) of (he polydlene midbloek and decreased the dynamic 
modal vi* (0*) in the plateau region, hereafter referred to as the plateau 
(G%). Uwy stated thai such characteristic* are highly desirable fc 
molecular-weight resin 10 be effective as a ucWfying rerin, 

According to the classical concept of molecular viscoelatffrity theory/ 
dilute polymer solutions is proportional to the square of the volume friction f 
the polymer 
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(1) 

where GS is the plateau modulus of the polymer, Note that G% t i$ relate^ to the 
molecular weight of entanglement spacings, M,i 



G%=pRT?M, 



where p is the density, R Is the universal gas constant, and T Is the absolute 



(2) 



copoly- 
marrix, 



temperature, Assuming that the polystyrene mierodomalns in the block 
rner may be regarded as filler dispersed in a continuous polydiene 
Holden* estimated the value of G* for ABA-type block copolymers, uijlftf the 
following expression: 1 * 

» {pRT(M § ){l + 2.SC + 144 C*) 



(?) 



where C la the concentration of Alter, which in thli case is the concentration of 
polystyrene mlcrodomains in the block copolymer. 

When a tacklfying resin U added to a block copolymer, often one cannot 
observe a clear plateau region in plots of C f versus temperature, Kruus and 
Rollmann* suggested thai in such situations, the value of G% of a mixture 
consisting of a block copolymer and a teckifying resin can be approximated by the 
value of G* at the minimum value of loss tangent (tan 6^*). 

Class and Chu 11 studied the dynamic viscoelastic properties of mixjure* of 
natural rubber (or a synthetic elastomer) and a tackifying rain. Thay reported 
that: (1) Tlis molecular weight of the tacWfying rosin is very Important tor 
controlling the compatibility of mixtures, and macrophage separation we* 
observed as the molecular weight of the tacklfying resin was [n created; (X) The T 9 
of compatible mixtures or an elastomer and a tacklfying resin, as detern incd by 
the peak value of tan & can be estimated by the Fox equation:" 

Ut 9 »wJT t} + WitT 8l (4) 

where T fr T gi , and T g2 are the peak temperatures of tan 6 for the mixture and the 
constituent component*, respectively, and * t and hv are the weight fractions of 
the constituent component*. 

It should be pointed out that the studies referred to above have not addressed 
the important question as to whether or not the mixtures of block copolymer and 
taeklfying resin used were indeed compatible. This is a very import ant and 
fundamental question, because the extent of eompatibiltty for a uckifying resin 
with a block copolymer influences greatly the viscoelastic properties' of the 
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mixtures and, consequently, the adhesion characteristics of the block copolymer* 
bused pressure-sensitive zdheiives.. 



Thtrmally-fndueed transition behavior and phase aquitibrti In mixture* of a block 
oopelymer and a taekffytnft reeln 

Today, it is a wU»wub|lshed **** that when an SB dibtock copolymer, SBS or 
SIS tribloek copolymer Is heated above the upper (polystyrene) gjass transition 
temperature lT t ), the microdontia* of polystyrene will eventually be destroyed 
w4 then the block copolymer will form a homogeneous phaie, The critical 
temperature at which the polystyrene microdomalns are completely destroyed Is 
often referred to as the ''order-disorder transition temperature 11 (7,). 

An experiment determination or theoretical prediction of T, Is very important 
to determine optimal processing conditions for a block copolymer or its mixture* 
u-tth cackifying resins, because the viscosity of & block copolymer becomes very 
low at and above its 7,. This ja due to the fact that at temperatures below T 9t the 
microdomam structure of polystyrene in a block copolymer acts like ft crosslinked 
network structure, giving rise to a very high viscosity. However > when the 
rnicrodomaiti structure of polystyrene is completely destroyed at and above T„ 
forming a homogeneous phase, the block copolymer will behave like a homoge- 
neous molten polymer* 

In recent yean* Helfand and Washerman 13 " 15 have developed a statistical 
thermodynamic theory', and Lelbler 14 has also developed a statistical thermo- 
dynamic theory, both of which can be used to predict the T f of block copolymers. 
Experimentally, Hashimoto and coworkers 17 " 1 * and Roe and coworker**^" have 
investigated the order-disorder tiaosition behavior of SB* SBS or SIS biock 
copolymers and determined their T,% using the sma!l<angte X-ray scattering 
^SAXS) technique. They reponed that .the maximum scattered intensity present 
at room temperature persists well above the glass transition temperature of the 
polystyrene microdomains* but disappears at a critical temperature (7,) at which 
ihi block copolymer becomes a homogeneous melt. Kr&us and Hashimoto* 1 
conducted an experimental SAXS study on p(esjurc»ttngitive adhesive systems, 
and observed that the adhesive ahowed the same scattering pattern as the block 
copolymer and that the 7, of ihe adhesive was lower than that of the block 
copolymer, 

Very recently, Han and coworkers 1 *- 26 have proposed a rheologlcal technique 
to determine the % of block copolymers, based on dvnemic visccelastte properties 
measured under isothermal conditions, Basically, the technique vails for logarith- 
mic plots of dynamic storage modulus (C) versus dynamic tost modulus (G*). 
whereby the 7, of a block copolymer 1$ determined by the temperature at which 
logC versus logG" plots cease to vary with temperature, Earlier, Han and 
coworkera 1 '*" have shown that when the morphological ttate of a polymer {a 
homopolymer, graft copolymer or heterogeneous polymer blend) does not vary 
«rcth temperature, then logC versus \ogG" plots become virtually independent 
of temperature. 
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When a low molecular-weight homopoiymer (e.g., tackifylng resin! i i* mixed 
wiUv a block copolymer, the mixture can give rise to a complex equilibrium phase 
diagram, depending upon the extent of compatibility between* the rwo com- 
ponents in the mixture. It is, therefore, very important for one to understand 
phase equilibria in a pressure-sensitive adhesive system, width consists of a 
uckifying resin and a block copolymer, Since the chemical structures of tacklfying 
resins are very complex indeed* it would be very useful first to investitive phase 
equilibria in mixtures of a block copolymer and a homopoiymer whoui chemical 
structure is well established; for Instance, polydiene, polystyrene cr poly(cr* 
methyl styrene) homopoiymer. In this regard, it is worth mentioning the recent 
experimental studies of Roe and coworkers, 21 "* 3 who Investigated ph w equilibria 
in mixtures of SB or SBS Mock copolymer with polystyrene homopoiymer or 
polybutadiene homopoiymer. Independently, Noolaadi and coworker****** have 
developed a statistical thermodynamic theory, which allows one to construct 
phase diagrams for mixtures of a block copolymer and a homopoljmer. The 
phase diagrams constructed theoretically by Whitmore and Noolandr look very 
similar to some of the experimental results of Roe and coworkers. 1 * 



polystyrene-Mod^ 
07, Shell 



JOCPEmMENTAL 
Material* 

The block copolymers used in this study were: (1) a w 
polylsoprcne-fe/oc**polystyrene (SIS) copolymer (KRATON* D-ll 
Development Company), and (2) polystyrene'Wocfr-polybutadiYne-Moc*- 
polystyrene (SBS) copolymer (KRATON® D-1102* Shell Developmani Com* 
pany). Table 1 gives the molecular characteristics of the block copolymers 
Investigated. The following two commercial tackifylng resins were used; (1) 
WINGTACK® 86 (Goodyear Tire & Rubber Company), and (2) PICCOTAC^ 
95BHT (Hercules Company), The weight-average molecular weighu {ift w ) of 
both WINGTACK 86 and PICCOTAC WBHT were determined by g*t perm a- 
tion chromatography, and the glass transition temperatures using c tfferenual 
featuring calorimetry, at a heating rate of 10*C/mln< Table II glvei t summary of 
the molecular characteristics and T M for the tackifylng resins lnvesci|ited, We 
prepared rwenty formulations, by adding different proportions of the 
resin (WINGTACK 86 or PICCOTAC 95BHT) to the block 



uckifying 
copolymer 



TABLE 1 

Molecular ehsruurinfes of iftc block ooporyraer* uwtf 



Simple code 



Blttk bolecular PoWttyrcrw 
$tfiic?ure wtitfmxiO" 1 ) (wt%) diblock 



TribkMk/ 



KRATON*D-1102 
ICAATON* D-U07 



SBS 
SIS 



IQS»5OB-105 
105<120M05 



38 
15 



SO/CM t 
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BLOCK COPOtYMER-BASED PSAS 
TABLE XI 



Simple eod* 


Strucftjre 


Mm 


$*>/fl* 


r,ro 


WlNOTACttf* 86 
PlCCOTAC*9SBHT 


Modified pcriynrptnt 
rNptryUrt* 


1800 


1.7 
1.7 


42 
45 



TABLE !H 



Block coplynicr 


T«ttr>l&s mlA 


Blend ratio 


KRATON* U01 
KHATON* 1157 
KftATON* 1107 


WINOTACK*!* 
MCCOTAC»*5BHT 
WNOTAO^M 
PICCOTAC*95BHT 


»/H>; 70/301 50/*fc *>/70i JO/90 
•0/M; 70/30; 50/50: 30/70; 10/PO , 
W10; 70/30; W50? JO/70; W/# 
90/lOj 70/Wi $0/30: 30/70; W/90 



(KRATON 1102 or KRATOtf HQ7). Table 111 gives a summary of the 
formulations used In the present investigation. 

In the present investigation, an attempt was meda to elucidate the structure of 
WINGTACK 86 and FICCOTAC WBHT t using infrared (LR) spectroscopy and 
J H nuclear magnetic resonance (NMR) spectroscopy. Based on the IR and NMR 
data, we have concluded that PlCCOTAC 95BHT i* an aliphatic hydrocarbon 
with cyclic structures, and WDsGTaCK 36 contains aliphatic hydrocarbons and 
poiy(#-me{hyl uyrene), 

Sample preparation 

Samples for vJscoelastic measurements were prepared by first dissolving a 
predetermined amount of block copolymer end taclcifying resin in toluene 
(10wi% solid in solution) in the presence of an antioxidant 1010, 
Clba-Gelgy Group) and then slowly evaporating the solvent. The evaporation Of 
solvent was carried out Initially in open air at room temperature for a week and 
then in a vacuum oven at 40 V C (or three days. The last trace of solvent was 
removed by drying the sample* in a vacuum oven at an elevated temperature by 
gt»dual!y raising the oven temperature up to U0*C, The drying of the samples 
was continued until there was no further change in weight. Finally, the samples 
were annealed at 130 9 C for 10 hours. The formulations employed in (his 
investigation are given in Table III. 

Measurement of dynamic viseoelastic properties 

A Dynamic Mechanical Spectrometer (Rheometrics Inc.) in the parallel plate 
mode (8 mm diameter plate* *nth a 2 mm gap) was used to take temperature 
scans of block copolymer and Us murturas with FICCOTAC 95BHT or 
WTNGTACK t6. Prom temperature scans made from about *-100 to 140*C at a 
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Axed angular frequency (w) of lOrad/a, the dynamic tiorige modulus (0% 
dynamic loss modulus (C), end lass tangent (tan 6) defined u G7G r were 
plotted againt temperature r, From the measurements, values of tito plateau 
modulus (0%) were determined from the plots of G' versus T at wpich ten 6 
showed a minimum, vilues of O' a( tin 

A Model R16 Weissenberg Rheogoniomtter (Sangemo Control Iric.) in the 
con**and-pUte mode (25 mm diameter plate and 4-degree cone anj te with a 
160-um gap) was *ised to measure G' and G* as a function of a at various 
temperuurea for mixtures of KRATON 1102 (or K RATON HOT) with 
W1NOTACK 86 and with PICCOTAC 95BHT. Ihc purpose of this experiment 
was -to Investigate -the effect of uckifying resins (WlNGTACK 86 and 
MCCOTAC W8HT) On the thermally-Induced order-disorder tradition be. 
havior of the block copolymer, using log C mrswt log O h plots. 



Meroelectrlc sorption measurement 

The piezoelectric quartz crystal sorption technique was used to determine the 
interaction parameter x of *e tackifying resin (W1NOTACK B6 or P] CCOTAC 
WBHT) in polybutadiena (PB) homopolymer or polyisoprene (PI) hon lopolymer. 
Thia experimental technique haa been successfully used to determine the 
solubility of a gas or a volatile liquid at elevated temperature* in a polymer 34 ' 35 
and to determine the interaction parameter* x for pairs of polymers. 3 * w 

The apparatus used in this investigation was essentially the lane as that 
described by Harris.** Briefly mentioned, a quartz crystal with a resonance 
frequency of approximately 7 MHz was used to determine the amount of solvent 
sorted in a polymer sample under a given solvent partial pressure, A polymer 
solution of approximately lwi% was prepared by dissolving the |x>Iymer in 
chloroform. Toluene was chosen as the solvent probe , since toluene liad already 
been used as a solvent in the preparation of the block copolymer/rcs n mixtures 
for rheotogical measurements. All sorption measurements were made at 25 B C 



The details about the construction of the apparatus and the phytic* 
LfjvoNfd are referred to in the doctoral dissertation of Harris," 



principles 



Turbidity meaturemeAtt 

As *1ll be shown below » the determination of T f by rheologfcaf measurements 
enables us to construct a phase diagram* as long a? the tackifying resin added to a 
block copolymer does nor form a separate phase and the % of the block 
copolymer decreases with increasing amounts of iackifyicg resin, In the present 
investigation we hive found that mixtures of KRATON U02 and JICCOTAC 
95BHT at certain blend compositions showed evidence of macrvphase separation 
at room temperature. Therefore, in order to construct a phase diagiam for this 
system, we conducted turbidity measurements, basically a hot-stage microscope 
attached to a programmable temperature controller and a laser tight source. This 
device enabled us to take photomicrographs of the sample as the temperature was 
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raised from room temperature to about 2QCPC, at which point the sample shewed 
evidence of thermal degradation. 



RESULTS ANP DISCUSSION 

Viscoelastle behavior of block ee^alymefbasad presaurc»sensftlve edfeevlvea 

Plots of log 0' and tan 6 vmw temperature ire given tn Figure 1 for mixtures of 
KRATON 1107 «nd WINGTACK 66, and in Figure 2 for mftiufts of KRATON 
1107 and MCCOTAC 95BKT. It can be soen to the$* rtgurtt, over th^ 
concentration tange investigated, that the addition of WINGTACK 86 o 
PICCOTAC mm to KRATON 1107 decreased the plateau modulus Ggf 
which} in the present case, is approximated by the value of G' at the minimui 
value of the loss tangent, i.e., by the ve!u* of G'(w* i^). Note In Figures 1 an. 
2 that the peak of tan £ in the lower transition region! representing the T t of th 
poiyisoprene phase in KRATON 1107, is shifted toward higher temperatures ak 
the amount of uckSfylng resin in the mixture Is increased. This is a cleat 
indication thai the tacktfying resins, WINGTACK 86 and PICCOTAC MBHT, 
are compatible with the poiyisoprene midblock of KRATON 1107 over thb 
concentration range investigated. 




FIGURE 1 
1107/ WINGTACK &6- 
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IOO 125 i30 



Tf mpcraiurft l*Cl 



FIOUKE 2 U>tG* gn4 lot un 6 w»ui tfiinKniun: (©) KRATON 1107; (A) »/K 



h07/KCCOTAC 9*BHT: 
HOWICCOTACWBHT 



(G) 50/50 KRATON tt07/PICCOTAC SSftWrj 



and 



The experimentally determined values of f v reed off from Figures 1 
given in Table IV for mixtures of KRATON 1107 and WINOTACK 
mixtures of KRATON 1107 end PIOCOTAC 95BHT. Figure 3 *ivc* plda 
reciprocal of T $ (abtohite temperature) verw weight fraction of tgckifyhg 
lo which the solid line represents the prediction given by Bq. (4) (see Tatfle 
the 6f tbe Notifying resins). It an be seen that the experlniemilly 
T M value* follow closely the theoretic^ predictions. 

TABLE IV 

OIias Transition tempcniuro {T.) for mtaurtf or 
KRATON U07 ud ucktf^g nasJn 



Material 



(a) KRATON HOtf/WlNGTACK 86 

100/0 -50 
50/50 

30/70 J$ 

(b) KftATON n07/PJOCOTACWBMT 

100/0 -50 

70/30 -30 

SO/50 0 

3t>/70 n 
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. experimental observation! made above, thai C'(t»n 6^) of 
KRATON 1107 decreases and the T t of the polyisoprene phase in KlLATON 
1107 inertia with in creating amount of WINOTACK 96 or PICOOTAC 
95BHT, it can bt concluded that these two tackifying rftStn* are equally 
compatible with KRATON 1107, over the concentration range investigated 

Plots of log Q* and tan 6 verity temperature are given in Figure 4 for mixtures 
of KRATON 1102 and WINGTACK and, in . Figure 5 for mixtures of 
KRATON U02 and PICCOTAC 95BHT. Figure 6 gives plots of the reciprocal of 
T 9 (absolute temperature ) versus weight fraction of WINGTACK 86 for rruxtures 
of KRATON 1102 and WINGTACK 86. In these figures we observe some 
significant differences in the effect of the respective tackifying re*ln* on the 
viscoeliatic behavior of KRATON 1102, namely: (l) over the concentration 
range investigated the G'(tan of KRATON 1102 decreased with Increasing 
amount of WINOTACK &6 V whereas the £?'(tan <W of KRaTON 1102 inltiilly 
decreased and then increased with increasing amount of PICCOTAC 95BHT; (2) 
the peik of tan 6 in the lower transition region, representing the T t of the 
polybuudiene phase in KRATON 1102, is shifted steadily to higher temp matures 
With increasing amount of WINOTACK 86, whereas the peak Of tan 6 in the 




FIGURE 5 U|C *nd loj t*h i versus tempo* Aire: (O) KRATON 1102; (A) 70/jd 
UWWECCOTAC (£3) SO/tt KRATON Utt/MCCOTAC WBHT; (?) 
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0.0 OZ 0.4 0.6 OS 1.0 

FIGURE 6 l/i; wrjitf wilfthi friflUofl of WIKOTACK 16 for KRATON UQl/WINGTACK K 

tower transition regfoo of KRATON 1102 is not shifted much as the concentra- 
tion of PICCOTAC 95BHT in the mixture it increased above 30wt9fc. A 
summary of the viiues of T g determined from Figures 4 end 5 are given in 
Table V. 

It Is worth potato f out lha* when t Uckifying resin (PICCOTAC 9SBHT In the 
present ciift} inereaws the modulus of the block copolymer (KRATON 1102 in 
the present c*$e). &*re tr* two possible reasons: one is that the tacklfytog resin is 
associated with the polystyrene domains of the Mock copolymer, and the other is 



TABLE v 
KRATON iKtt aa*tti 



for ccJbrturti 
fig retm 



Qt 



Material 




x KRATON I102/WINGTACJ\S& 




W/0 


-BO 


7M0 


-45 


50/50 


-6 


30/70 


23 


It J KRATON II0a/KCCOTAC9SBKT 




100/0 • 


-SO 


70/30 




50/50 


-44 


30/70 


-J7 
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that the tackifying resin forms a separate phase, As will fee shown bekrw t 
PICCOTAC 95BHT Is not compatible with polystyrene homopolymer end, 
therefor* * (herd is little chance that PICCOTAC 95BHT is associated with the 
polystyrene domains in KRATON 11 OS, especially when the amount of 
PICCOTAC 95BHT in the mixture is as much at S0wt%. This then lends us to 
speculate that PrCCOTAC 95BHT form* a separate phase. On the bails of the 
exparimautaJ results presented above r it is waduded that WINGTACK 86 is 
compatible with KRATON 1102> and that PICCOTAC 93BHT U not. Other 
evidence supporting this conclusion will be presented below. 

The Interaction parameter % for an elastomer end a taeldfylng tetin 

When presenting the results of viscociastic behavior, we haw noted that the 
compatibility (or mhcibility) of WINOTACK 86 with KRATON 1102 it much 
greater than that of PICCOTAC 95BHT whh KRATON U02 (compare Figure 4 
with Figure 5). and that the compatibility of PICCOTAC 95BHT witfi K&ATON 
1107 h much greater than with KRATON 1102 (compare Figure 2 with Figure 
5), Id order re help understand the physical origin* of the experimental pbterva-* 
tions, we investigated the thermodynamic compatibility of the variout fixtures 
referred co above using the piezoelectric sorption method (see Experimental 
Section), Sinca the block copolymer* (KRATON U02 and KRATOltf U07) 
consist of two component;, poiybutadiene and polystyrene In KRATON 1102, 
and polystyrene and polytsoprene in KRATON 1107, we decided to determine 
the interaction parameter xu berween a homopolymer (polyburadieiie, poJ- 
yisoprene or polystyrene) and a tatkifying resin (W1NOTACK 86 or PICCOTAC 
95BHT). For Ou* purpose, we used the following nearly, monodfaperMs homo* 
polymer*; (a) poiybutadiene with the weight-average molecular weight (A?*) 
27tf0i (b) pOlyisoprene homopolymer with Af** 75,000$ and (c) polystyrene 
homopolymer with jfif y * 12,200. 

Before proceeding to take the piezoelectric sorption measurements with the 
various formulations of the pressure-sensitive adhesive* that we had prepared, we 
first checked the accuracy of our measurement* with the literature data of SaeW er 
e/ M M by plotting the weight fraction activity coefficient {Q\fvt\) of toluene versus 
the weight fraction of toluene in the polystyrene solution. Figure 7 gives a 
comparison between the study of Saekl ef al ** and this study, which proved to be 



very satisfactory. Note that the data of Seeki er a/. 3 * were also obtained 
piezoelectric sorption method* 

Table VT gives a summary of the values of the interaction parameter* 
the various formulations instigated in the present study. In detsrmtn 
valuos of fe t we have used the Scott theory:** 



1ft * In e>, -r [1 - \tN t )$ % + (1 - l!N})fo + ixntz + WjM* - - XuW 



where C\ is the activity of the solvent, which must be measured in a 



by the 

#w for 
ng the 



(3) 
ternary 
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solution, 4>i (* * 1, 2, 3) ate the volume fractions of the solvent and two polymers, 
and and A> we the polymerisation Indices of component 2 and 1, 
respectively, which are r«ht«d to the molar volumes V z and V 3 by 



(6) 



where V f is the reference volume, which is usually taken as the molar volume of 
the solvent in a th«e*eomponent system. In Eq. (5), # u is the interaction 
parameter berween polymer 1 (U M component 2) and the solvent, and if the 
interaction parameter between polymer I <U., component 3) and the solvent, 
which can be determined from the following expression*; 3 * 



lfl«i-ln^ + (NJ/A4)^ + ^l 



(7) 



and 



In a* 



■ In + (1 + Xi3*? (8) 

Note that ihB scanty of the solvent ffj appearing in Eqs. (7) and (S) must be 
measured in che respective binary systems, i.e., polymer t/solv*ru and polymer 
2/ioivent systems. 

2n the present investigation, toluene w« uied as the soJvant end the activity of 
rotoena, fl lt in binary and ternary solutions w« determined using the following 



ill ill I 
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TABLE VI 

Wiwary Of the value* of the iai*fi«f©A piftfttit r xu 
____ r*iln ind i hmwpotyiner 



for mixtures of « ucklftfftg 



*'f i|hl ff*CUon 
cf palymi r 



(wi/cm 5 ) 



A f**, Comment ei 
(al/cm J ) Giro clarity 



M ^iyubuudl*n*/WW0TACK&6Muiure 



0.674 
0.A65 

o,2# 



-0,58 -0.201 
-0.41 -0.191 
-0.10 -0.136 



-0.702. 

-0*575 

-CUM 



-0.604 
-0.S9S 



0,690 -051 -0496 

0.3G5 -0.S7 -0.142 

(0 *4lyt»pf ttM/WCCOTAC 95BHT Mixture 

0.747 -0.59 -0.304 -0.614 

0.471 -0O4 -0.303 -0.056 

0.254 0.11 -0.219 0 129 

(4; ??)lybuHijiwe/PtCCOTACWBHTMUturt 

0.714 -0.20 *0J17 -0.224 

0.4«3 0.13 -0.313 0.1*4 

0.61 -0.230 



(•) r3lyiiyr#i>e/WlNOTACKB6MUiure 
0.703 -0.47 -0.209 

0.511 -0,O| -o,302 

(0 My«yr*ot/P!CCOTAC«BHT 
0,714 0.13 -0.331 



0.721 



-0.573 
-0.014 



0.155 





Cter 


-0.769 


Clear 


-0.250 


Of»r 




Clitr 


-0.»7 




-0*91* 


Oev 


~0.359 


Ow 


-0090 


Clitt 


-0.541 




-0,129 




0,491 


Op*quo 


-0.782 


Clear 


-0.216 


Oeique 


^0.176 





' O mewuremcnit weie conducted at 25"C. 
expression:"' 

«. » ?) exp[ - (* u - «,)(/>? - ?,)/ftr J (9) 
where />, if ihe system pressure of toluene in the vapor phase, Pj is the sLturated 
vapor pressure of toluene, * u is th« second virial coefficient of toluene, y. Is the 
molar voluac of the solvent, Tis the absolute temperature, *ftd R is the universal 
gas constat. The values of Xn and *„ as determined from Eqs. (7) and f(8) were 
used to determine the values of Xa by Eq. (5). 

It should be mentioned that in the use of the pieweleetric sorption meihod, the 
weight fraction of the probe solvent w, sorted by a thin polymer film is then 
calculated Ofing the followinf relation:* 1 

w, = A/7(A/' + ^S,) {10) 

where &f' is a decrease in frequency due to the sorption of a probe solver* 
(toluene » the present study) by the polymer, coated on the quar£ crystal and 
&fi, is a decrease m frequency due to the mass of the polymer, coated on the 
quartz crystal. 

Note ttin in calculating Xa from Eq. (5), information on the volume fraction of 
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solvent <Pi is needed and therefore fa must be determined from the experimen- 
tally determined w lf using information on the specific volume at a desired 
temperature. When examining Bqs. (5)-(8) t It becomes clear that a small error in 
the values of fa can significantly affect the computed values of %u and x»> *nd 
hence value* of jfj$. 

At this, juncture, the magnitude of errors involved must be mentioned in the 
determination of the interaction parameters ^ using Eq, (5), In calculating 
from the frequency measurements using Eq> (10), the values of w v were found to 
vary within ±2%, depending on the amount of polymer that was coated on the 
piezoelectric quartz crystal* This « mount of error in w % can produce an error of 
£0-02 in the value of (of Xm) tor » binary system but can give ritfc to much 
larger errors in. xv for a ternary system* since the values of xn w *re determined 
by dividing the difference of two small values, namely, the v*]ue of In ^ on the 
left-hand side of Eq. (5) and the value of the terms, excluding the term 
on the righi-hend side of Eq. (5), by fafa. Note thai value* of fa mi fa are 
always less than 1. Therefore, small errors in fa and fa can significantly affect the 
final values of Xv u determined from Eq. (5). In (he present investigation > a 
variation in the value of xn> within *0.Z0 can be expected when the error in *\ is 
within ±2%. 

The following obsetvations are worth noting on the velues of given in Teble 
VI. (1) For mixture* of polybutadiene homopolymer and WlNOTACK 86, the 
values of ne$*tfve over the concentration range of WlNOTACK 86 

investigated and that ^ moves toward a positive value whh increasing 
concentration of WlNOTACK 86 in the mixture* The negative values of fc B 
observed for the mlxiures of polybutadiene homopolymer and W1NGTACK 86 
over the concentration ranee investigated seem to suggest that WlNOTACK 86 is 
compatible with KRATON 1102, This, then, explains why in dynamic viscoelastic 
measurements the T s of the polybutadiene phase in KRATON 1102 shifted 
toward higher temperature (see Figure 4); (2) For mixtures of polyisoprene 
homopolymer and WlNOTACK 86 f the values of Xv are negative over the 
concentration range of WlNOTACK 86 investigated, indicating that 
WlNOTACK 86 Is compatible also wjth KRATON 1107. The negative values of 
observed for tht mixtures seem to explain why the 7^ of the polyisoprene 
phase in KRATON 110? shifted toward higher temperatures si the amount of 
WlNOTACK 86 in the mixture increased (see Figure 1); (3) For mixtures of 
PICCOTAC 95BHT with polyisoprene or polybutadiene homopolymer, the value 
of xn remains negative in the poIyisoprcne/PlCCOTAC 95BHT mixtures 
tofttaininf up to about $Q*t% of PICCOTAC 95BHT* but becomes slightly 
positive when the PICCOTAC 95BHT increases to about 70 wt%. 

Within the uncertainty limits of the errors involved in the analysis of the 
piezoelectric sorption data described above, for all intents and purpose* the 30/70 
polylsoprene/PlCCOTAC 95BHT mixture can be considered to be compatible, 
This observation seems to explain why the addition of PICCOTAC $SBHT to 
KRATON 1107 increased the T g of the polyisoprene phase and lowered the 
plateau modulus of KRATON 110? (see Figure 2). Note, however, that the 
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value of i* negative for the 70/30 polybutadiene/PICCOTAC 95BHT mixture, 
but become* positive for the 50/50 and 30/70 polybutadiene/PICCOTAC MBHT 
mixtures* The concentration of PICCOTAC 95BHT At whkh Xr> i« nigative is 
much lower in the mixtures with polybutediena homopolymer thin with pol- 
yicoprene homopolymer, meaning that the m inability limits (or rxtenl of 
compatibility) of PICCOTAC 95BHT with KRATON 1102 would be much lower 
than with KRATON 1107, This observation now explain* why in the :»/50 and 
30/70 KRATON 1102/PICCOTAC 95 BUT mixtures, the plateau modulus 
increased while tlfe T $ of the rubbery polydtene phase in the KRATON 
1102/PICCOTAC 95BHT mixtures hardly increased, for amounts of PICCOTAC 
95BHJ in the mkrure- above S0wt% (fee Figure 5); (4) For [natures of 
polystyrene homopolytrter with WINOTACK 86 or PICCOTAC 950HT, at about 
the seme level of tackifying resin in the mixture, the vilue of Xu i* mgiaive for 
the poiystyrene/WlNaTACK 86 mixture, while it is positive for the 
polystyrene/PICCOTAC 95BHT mixture, which meant that WINOTACK 86 is 
compatible with polystyrene within the concentration range investigated. This 
observation is nor surprising, in view of the fact that WINOTACK 86 bontains a 
significant amount of poly(a^methyl styrene), as detected by IR spectroscopy, 
Afld yet, since the major portion of WINOTACK 86 consists of aliphatic 
hydrocarbons, it is believed to have fairly limited mteclbttity with pblystyfeoe 
homopolymer. Thus, ths addition Of a targe amount of WINOTACK 86 to 
polystyrene homopolymer is expected to give rise to macrophase separation. 

It should bt mentioned that values of the interaction parameter do not 
necessarily have to be ntgativ* for a tecWtylng win to be compatible vrtth a block 
copolymer, because the entropic contribution (T of the taekifrtng resin, 

which is negative, can offset a positive value of the enthalpic contribution (A# A i„) 
when the value of the Interaction parameter is positive, giving rise to a negative 
value for the free energy of mixing, A/w This can be illustrated best by looking 
at the values of -T &H mU , end AF mJl( , given in Table Vt. Note that the 



value Of Affmu and -T &S min given in Table VT were determined. 
Flory-Huggins theory: 410 



using the 



(11) 



where ft (/*1,2) are (he volume fractions, and V t (f«l,2) are the molar 
volumes, of the constituent components, V, Is the reference volume of one gf the 
components (l,e.> the volume of a segment or a lattice}* H is the universal gas 
constant, 3Tis the absolute temperature, and x is the Interaction parameter which 
is equivalent to ^ to Eq, (5). It can be seen that when The contribution of 
-TAS miK outweighs the contribution of &H mi , f the value of &F m± becomes 
negative (i.e., the mixture is compatible) even when the value of is slightly 
positive, 

Let us now examine whether Or no? the use of the solubility paramei er 6 would 
give the same information a* that of the interaction parameter jf, in prodjeting the 
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compatibility of a taekifying resin with a black copolymer, For this purpose let us 
compare the compatibilities of PICCOTAC 9SBHT with polyisopreno and 
polybutadiene, respectively. It can be seen in Table VI that, over the concentra- 
* tion range investigated, the values of # M for PICCOTAC 95BHT and poly- 
isoprene homo polymer ere negative for PICCOTAC 95BHT concentrations up to 
about 50 wife and then become slightly positive at higher concentrations. 
Nevertheless, the values of Af mi , are negative wtt the entire range of 
PICCOTAC 95BHT concentrations investigated. On the other hand, for 
ihe PICCOTAC 95BWT/polyb\iudl*nfe mixtures, the values of x» are negative for 
PICCOTAC 95BHT concentration up to about 30 m% but increase rapidly* 
becoming positive, as the concentration h increased funher, and value* of AF mis 
are positive at" concentrations of PICCOTAC 95BHT above approximately 
50 wi%. This observation now expltj&f the limited compatibility of PICCOTAC 
95BKT with KRATON 1102, observed in the viscc*lastfc measurements dis- 
played in Figure 5. 

Tbe chemical structure of PICCOTAC 95BHT is nor cl«arfy known io us, but it 
Is reported that pfperylene Is a major monomer for PICCOTAC 95BHT** Let us 
Then use piperylene to evaluate the solubility parameter 6 of PICCOTAC 
95BHT> Using the group contribution method, the value of 6 for PICCOTAC 
95BHT is estimated to be 8.20 (cal/cm*)"* using the data of Fedora,* 4 8.33 
(cal/cm 1 ) 1 * using the data of van Krevelen,** 7.76 (eai/em i ) lrt using data of 
SmalJ * 8.16 (cal/cm 3 )'* using the data of van Krevelene,*' and 7.92 teal/cm') 1 ' 1 
using the data of Hoy. 48 The average of the five values is 8.09 (cel/cnr) 1 * Since 
the values of the solubility parameter for polyisoprene and polybutadiene are 8-50 
and 8,55 fcai/cm 3 ) 1,1 , respectively, the difference in solubility parameters between 
PICCOTAC 95BHT and polyisoprene* (S Pt - * KrtB ), is 0.41 (cal/cm 5 ) ,/z r and the 
diBerence in solubility parameters between PICCOTAC 95BHT and polybuta* 
diene, (A n « is 0.46 (<al/om*J w . When these values are used for different 
values of 0x (volume fraction of PICCOTAC 95BHTi. we cannot explain why 
PICCOTAC 95BHT is compatible with KRATON UD7, while it becomes 
incompatible (i.e., forms a separata phase) with KRATON 1102. Therefore, we 
conclude that the solubility parameter has very limited usefulness In predicting 
compatibility between a tackifying resin and a block copolymer, 

Pha&e diagrams of ttfoefc eopolymc^bs«d prea*ur***«n*hiva adhtafv** 

in the dftvelopmtm of formulas for block copolymer-bated pre$sure**ensitive 
adhesives. it is Important to have phase diagrams available. The construction of a 
phase diagram for mixtures of a block copolymer and * Tackifying resin is not as 
easy as that for binary mixtures of Simple liquids, because block copolymers have 
mlcrodomain structures at temperatures below a certain critical value, referred to 
above as the order-disorder transition (or mifcroph&se separation transition) 
temperature T,. As mentioned above, the size of the microdomains is too frnmll to 
be detected by ordinary optical microscopy, and thus the determination of Z for a 
block copolymer or its mixtures with a homopolymer has often been done by 
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curve represents the mesophase (mixtures oF the block copolymer and thb 
taeldfytng resin) and chat the region above the solid curve represents this 
mixtures, where the block copolymer and the tackifying resin form t homoger 
eous, single phase. I 
Hie circular symbols in Figures 8 and 9 ere values of temperature (i.e. % T r % 
which were determined from logarithmic plots of dynamic storage modulus Q* 
www dynamic loss modulus G" for the block copolymer (KRATON 1102 
KRATON 1107) end fa mixtures with WINOTACK 86. In order to illususie thb 
method used to determine 7J> lei us look at Figure 10, log G* versus log G" plow 
tor KRATON 1102. It can be seen in Figure 10 that the log C versus log C H plots 
do not changewith temperature at 220*C and above. According to the criterfojft 
suggested in 'our previous papers, s - w the lowest temperature at which logO' 
versus logO" p!o« cease to vary with temperature Is the T„ at which point this 
microdomaln structures in the block copolymer dissolve completely. Figure ill 
gives log C versus log G° plots for the 90/10 KRATON 1102/WJNOTACK & 
mixture, and Figure 12 for the 70/30 KRATON 1102/WINGTACK 86 mfoiure. it 



FIGURE 10 Us G r vtnuf teg C" plots for KRATON IHG at wicms tem<*r*tUTfti (*C)i ((■» V 
{•) 1«0; (A) 190; < A) 300t fit) 210; (■) 220; (V) 230; (T) *40. ' 
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FIGURE 12 LoaC iwm log C plot* for ih< 70/30 KRATON U02/WINOTACK S6 mittut* « 
".riouTKmpcwurc* <'C): (O) fa S) UOt (&) 120; (1) 1*0; (21) lMv(*> 1«0> (V) Mfc <▼> 100. 

TABLE VII 

Suxaauv of ih* ordcf-diacrfdtr transition umpwntr* 
(TJ for mixture* of & block copolymer and & uclsifytog 



Materia] 



KRATON 1102 220 

KRATON 1 102/ WTNOTACK $6 ■= 90/tO 200 

KRATON 1 102/W1NGTACK U - 70/30 150 

KRATON H02/WINOTACK |* . »/» 120 
KRATON 11<fc/WTNGTACK»» J0/70 

KRATON 1107 230 

KRATON 1 107/WiNQTACK 86 = 90/10 210 

KRATON UW/WtNOTACK 96 - 70/20 160 

KRATON U07/ WJNOTACK M - S0/50 1 10 
KRATON 1107/WJNGTACK 66 - 30/70 90 

KRATON UWMCWTAC 95&HT - TD/tt 200 

KRATON UOT/nCOOTAC MBKT - WW ISO 

KRATON 11W/PICCOTACMBHT-30/70 160 

KRATON 1 102/MCCOTAC 95BHT = WlO 200 
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FIGURE 14 Ph«e di.gnm for KJUTON 1IO5/WCC0TAC «»HTmi*tur«. 
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mixtures of PICCOTfAC 95BHT with KRATON 1102 over the temperatura rauae 
investigated* 

Figure 13 gives a phase diagram far the KRATON U07/PICCOTAC 95BHT 
mixtures, and Figure 14 gives * phase diagram for the KRATON 
UQ2/PICCQTAC 95BHT mixtures. TTjese phase diagrams were constructed 
using information obtained from both the theological technique and howtig* 
microscopy. The phase diagram for the KRATON 1107/PICCGTAC 9SBHT 
mixtures looks very similar to the phase diagrams for the KRATON 
1102/WINOTACK 86 mixtures (see Figure ft) and KRATON 1107/WINGTACIK 
86 mixtures (sec Figure 9). But the phase diagram for the KRATON 
1101/FICCOTAC 9SBHT mixtures look* much more complex. Note in Ffouw U 
that the cictvclar symbols on the curve separating the mesophas* and the 
homogeneous phis* ere the values of T r determined from lOgC versa* log G* 
plot* and that the triangular symbol* represent the phase boundary a* determined 
by hot-staga microscopy. Due to the limited magnification* available, the phase 
boundary determined by the homage microscope Is considered to be approxi- 
mate. Note farther In Figure 14 that region M + £, represents the mixture! of 
microphast leparated KRATON 110? (denoted by M) and macrophage separated 
FICCOTAC 95BHT (denoted by L x ) w and rhat region L x + ^ represents 
wo-phaw mixtures of PICCOTAC 95B*fT (denoted by and completely 
disordered KRATON 1102 (denoted by h can bo concluded from West 
figures that PICCOTAC 93BHT ba» a very limited solubility in KRATON 1102, 
as compared with WINGTACK 86, This conclusion supports the validity of (the 
hypotheses made above when we examined the viscoelastlo behavior of the 
mixtures. 



of 



the 
tiat 



ftocessability of block cepofymer-bascd prassuraHMntitivt adhestvas 

Information on viscosity h very valuable for determining the processabiiity „ 
block copolymer«based pressure-sensitive adhesives, According to Cox and 
Mens * only when linear viacoeiastic data are available do plots of complex 
viscosity \n*la)\ tttwu angular frequency m become vary useful in predicting 
relationship barween steady shear viscosity jj{y) and shear rate ft Not* t 
values of \ri*\ can be calculated using the definition, ^[^(cay 
where is aqua! to *hd is equal to 0'(ft>)/o>. I 

Figure 15 gives logarithmic plots of vemu 0 for the 50/50 KRATON 
1102/WINGTACK 86 mixture at the following temperatures: 90* 100, 110, ISO, 
and 140*C Similar plots are given in Figure 16 for the 50/50 KRATON 
UD7/WINGTACK 86 mixture at the following tsmperaiures; 100, 110, 130. 140, 
and 16Q B C in Figure 17 for the 50/50 KRATON 1102/PICCOTaC 95BHT 
mixture at the following temperature*; 120, 130, 140, 150, and i60*C, and in 
Figure 18 for the 50/50 KRATON 1107/F1CCOTAC 95BHT mixture it |the 
following temperatures; 120, 140, 160, 180, and i«TC, It can be seen in Figures 
15 to 18 that the Iog|»;*| versus log& plots exhibit Newtonian behavloJ at 
temperatures above its T„ but yield behavior at lemperatures below its T t (see 
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copolymer-bastd pressure-sensitive adhesives, it has been found that different 
experimental techniques produced consistent results regarding the compatibility 
of a tackifying resin with a block copolymer. We have demonstrated fhit the use 
of the Flory-Hugglns interaction parameter is much more reliable than die use of 
the Hildcbrend solubility parameter in determining the compatibility for a 
testifying resin with a block copolymer. It should be mentioned that id order to 
determine the interaction pyrometer for a tackifying min and a block copolymer 
using Scott's theory, £q, (5) 4 together with the piezoelectric sorption ' meth d, 
one must have accurate information on the molar volumes, V x and V lt of thi 
repeat units of the leekifyiftg resin and the block copolymer. Unfortunately, the 
chemical structures of most of the Unifying resins in commercial use today are 
very complex agd not clearly understood. Thus, under such circum&ttitoac, the 
accurate determination of the Interaction parameter *u using Eq. (5) would be 
very difficult, (f not impossible, This, then, suggests that, in the future, efforts 
should be directed towards the elucidation of the chemical structures of tadcUyiog 
resins. 

We have found that values of the interaction parameter for certtin mixtures 
of a tackifying resin and a block copolymer are negative. Earlier, using gfts4iquid 
chromatography, Su « ca/.** also obtained negative values of Xi> *n poly(viny) 
chloride) (PVC) plasrSeized by di-n-ocryl phthalate (DnOP). Nois chat in 
analyzing experimental data to determine values of z Ut they also used Eq. (5), 
They observed that the value of was negative up to 0.2S volume fraction of 
DnOP but it became less negative and finally positive «t 0.55 volume fraction of 
DnOP, They then concluded that the compatibility of PVC with DflOF depended 
upon the composition of the mixtures investigated. 

Kiaus and Rollmaan* reported that » plateau modulus in the vicinity of 
3 X 10 s Pa gives a satisfactory tack property for applications in pressure-sensitive 
adhesives. Based on this criterion, we can conclude that the 30/50 and 30/70 
KRATON H07/WINGTACK 86 mixture* (see Figure 1), the 50/50 and 30/70 
KRATON 1107/PICCOTAC 95BHT mixture* (see Figure 2), and the 30/70 
KRATON 1102/WXNGTACK 86 mixture (tee Figure 4) may be considered to be 
effective formulas for pressure-sensitive adhesive*. The present study J how* that, 
on an equal weight basis, WlNGTACK S6 is more effective In lowering the 
plateau modulus of KRATON 1107 than chat of KRATON 1102. Due to very 
limited compatibility with KRATON 1102, P1CCOTAC 95BHT wJs found to 
form a separate phase. 

Wc have constructed phase diagrams of block copolymer-based pressure* 
sensitive adheftlves, using information obtained from both the dynamic viscoelas- 
ric measurement! and a light scattering method (or hoHtage microscopy)* 
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